Abstract Enterococcus faecium MTCC 5695 possessing potential probiotic properties as well as enterocin producing ability was used as starter culture. Effect of time (12-24 h) and inoculum level (3-7 %v/v) on cell growth, bacteriocin production, antioxidant property, titrable acidity and pH of curd was studied by response surface methodology (RSM). The optimized conditions were 26.48 h and 2.17%v/v inoculum and the second order model validated. Co cultivation studies revealed that the formulated product had the ability to prevent growth of foodborne pathogens that affect keeping quality of the product during storage. The results indicated that application of E. faecium MTCC 5695 along with usage of optimized conditions attributed to the formation of highly consistent well set curd with bioactive and bioprotective properties. Formulated curd with potential probiotic attributes can be used as therapeutic agent for the treatment of foodborne diseases like Traveler's diarrhea and gastroenteritis which thereby help in improvement of bowel health.
Introduction
There has been a growing demand for fermented foods among the consumers globally. Among them, milk based products are of utmost importance as they are consumed by all age groups from infancy to geriatrics. In India, among fermented foods, curd is the most popular in comparison to cheese, kefir and yoghurt, which are more popular among the consumers in the western countries . Even though the traditional practice involves the application of lactic acid bacteria (LAB) as starter cultures for food fermentation, they can also be used as protective cultures against microbial pathogens and spoilage organisms in minimally processed foods, Vereecken and Impe (2002) . Different antimicrobials, such as lactic acid and acetic acid, hydrogen peroxide, carbon dioxide and bacteriocins, produced by these bacteria, can inhibit pathogenic and spoilage micro-organisms, extending the shelf-life and enhancing the safety of food products Aymerich et al. (2000) .
Indian fermented milk also known as 'Dahi'/curd is a popular milk product prepared in most households which is available commercially. They are prepared and consumed in various forms such as whole milk curd, skim milk curd, sweet curd, sour curd and sweetened curd. Hence, they can be used as an efficient medium for transport of probiotic microorganisms to the consumers to impart health benefits, Vijayendra and Gupta (2011) .
Bacteriocins are ribosomally synthesized antimicrobial peptides with activity that is directed usually against closely related species (Klaenhammer 1993) . They can be effectively used to replace added chemical preservatives, thereby increase the shelf-life of the product by natural means (Tamime 2002) . Enterococci isolated from dairy products have also been reported to produce bacteriocins (enterocins) having antimicrobial activity against a broad spectrum of spoilage and pathogenic organisms such as Listeria monocytogenes, Staphylococcus aureus, Clostridium spp. and Bacillus spp. (Sarantinopoulos et al. 2002; De Vuyst et al. 2003) . Specific enterococcal strains have been used as probiotic adjunct cultures in Cheddar cheese because of their ability to improve the intestine microbial balance (Giraffa 2003) .
Combinative interactions of parameters with the growth and required metabolite production by microorganisms are legion. Therefore optimum processes should be designed using effectual experimental methods. Response surface methodology (RSM) is one of the techniques which include statistical and mathematical methods that can be used to design experiments, build models, investigate the effect of factors on one or more dependent variables, and search optimum conditions of factors for desirable responses Koh et al. (2010) . It uses quantitative data to simultaneously determine and solve multivariate equations, graphically represented as response surfaces Amit et al. (2010) . Although numerous reports on probiotic yoghurt formulation are cited Ibarra et al. 2012) , no data is available on the optimization of conditions for curd formulation using RSM.
Thus, the aim of this study was to optimize the formulation of probiotic curds with good consistency and acceptability using E. faecium MTCC 5695 as starter culture by central composite design (CCD). Modeling and evaluation of the combined effect of fermentation time and inoculum on the growth of E. faecium MTCC 5695, bacteriocin production, titrable acidity, antioxidative property and pH of curd were assessed. In addition, microbiological and sensory characteristics of the final formulated product were studied.
Materials and methods
Substrates and chemicals All microbiological media were procured from Hi-Media (M/s Hi-Media Laboratory Ltd, Mumbai, India). 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich Chemicals (Steinheim, Germany). Taurodeoxycholic acid sodium salt (TDCA) was obtained from Sisco Research Labs, India. Ox-bile was procured from Fluka, US. Milk and curds to be used as control were obtained from a local dairy, Mysore. The pathogens used for the tests were obtained from various collection centers and maintained as BHI glycerol stocks at −20°C and subcultured periodically. All other chemicals, solvents and reagents used in the study were of analytical grade, unless otherwise mentioned.
Bacterial strains and culture conditions E. faecium MTCC 5695, which was examined for its antibacterial activity in our previous study (Vrinda et al. 2012 ) was used. E. faecium MTCC 5695 was maintained as frozen stocks on MRS soft agar overlaid with glycerol at −20°C and sub-cultured periodically.
Evaluation of probiotic properties of E. faecium MTCC 5695 E. faecium MTCC 5695 was checked for its probiotic properties like acid and bile tolerance, and bacterial adhesion to hydrocarbon test (BATH) ( Table 1) . In all the probiotic assays, E. faecium MTCC 5153 was used as a positive control. The strains used for the study were also screened for their pathogenicity on blood agar plates. The strain was also tested for its virulence by checking for the presence of cyl genes associated with cytotoxin production, Badarinath and Halami (2011) .
Acid tolerance Survival of E. faecium MTCC 5695 at low pH was analyzed by the method described by Raghavendra and Halami (2009) . Briefly, MRS broth was adjusted to pH 2.5 with 1.0 M HCl and 5 ml of medium was dispensed to each culture tube and sterilized by autoclaving. Overnight grown culture of approximately 10 9 cfu/ml was inoculated into the MRS broth (pH 2.5) and the viability during 0, 1 and 2 h of incubation was assessed by plating appropriate dilution on MRS agar plates.
Bile tolerance Bile tolerance of E. faecium MTCC 5695 was detected as described by Dora and Glenn (2002) . E. faecium MTCC 5695 was grown for 16 h at 37°C and centrifuged at 8000 rpm for 10 min at 4°C. The pellet was washed twice with saline and 5 % of cell suspension was inoculated separately into the freshly prepared MRS broth (control) and MRS broth containing 0.3%w⁄v ox-bile. Samples were withdrawn at intervals of 1 h and incubated at 37°C up to 4 h and the optical density (OD) was observed at A 600 nm in UV-visible spectrophotometer.
Bacterial adhesion to hydrocarbons (BATH) assay E. faecium MTCC 5695 was assessed for its adhesion ability by BATH test with xylene as the source of hydrocarbon as per procedure described by (Canzi et al. 2005) . Overnight grown culture (1 ml) was washed with phosphate-buffered saline (PBS: 140 mM NaCl, 3 mM KCl, 8 mM Na 2 HPO 4 , 2 mM KH 2 PO 4 , pH 7.2) and resuspended in the same buffer until an absorbance of about 0.5 was reached (A 600 nm). Then an equal volume of xylene was added. The two phase system was thoroughly mixed by vortexing for 3 min. The aqueous phase was removed after 1 h of incubation at room temperature and its A 600 was measured. Adhesion percentage was calculated according to the formula;
, where the A 0 and A are absorbance before and after extraction with organic solvents, respectively.
Bile salt hydrolase (BSH) assay BSH activity of the culture was evaluated using the procedure described by Pereira and Gibson (2002) . Overnight grown culture was streaked on MRS agar plates supplemented with 0.5 %w/v TDCA followed by incubation at 37°C for 72 h. MRS agar without supplementation of TDCA was used as a control.
Optimization of conditions for curd formulation by RSM
Culture preparation E. faecium MTCC 5695 was grown for 18-24 h and after three successive transfers, the activated organism was used for the production of curd. The culture was used as per the required concentration for inoculation into cow milk. Milk samples obtained from local vendors were subjected to pasteurization by heating at 95°C for 15 min and sudden cooling at 4°C.
Experimental design and statistical analysis A CCD was employed for optimization of curd formulation using 2 independent variables, time (A; h) and inoculum level (B; %v/v), as per levels shown in Table 2 . The design consisted of 12 runs (4 factorial runs, 4 star points, 4 central runs) as shown in Table 3 . Cell growth (Y 1 ), pH (Y 2 ) and bacteriocin (Y 3 ) were recorded as the main responses. Antioxidant property (Y 4 ) and titrable acidity (Y 5 ) were taken as the additional responses. Each run consisted of 100 ml of pasteurized milk, which was inoculated with respective levels of inoculum and incubated at 37°C for predetermined time (Table 3) . Generation of the experimental design and analysis of results obtained was accomplished by STATISTICA software (Statsoft 1999 ).
Measurement of growth
The curd samples were removed at regular intervals and diluted in the ratio 1:10 using sterile double distilled water and the optical density was measured at 600 nm using Shimadzu UV 1800. The measurements were performed in triplicate for each curd sample.
Measurement of pH The pH of samples was determined using a pH meter (model μPHCAL5, Analab Scientific, India). The measurements were performed in triplicate for each curd sample.
Bacteriocin production Antibacterial activity was performed for whey samples by agar well assay as described by Geis et al. (1983) using Listeria monocytogenes Scott A as indicator. Cell-free supernatants were prepared by centrifugation and subjected to two-fold serial dilution with sterile distilled water upto 1:512 dilution. 5 μl of the diluted samples was spotted on to the indicator lawn plate. After storage at 4°C for 2 h, the plates were incubated at 37°C for 18 h. The reciprocal of the highest dilution showing a visible zone of inhibition was defined as one arbitary unit (AU). The amount of bacteriocin produced (AU/ml) was calculated by multiplying the reciprocal of the highest active dilution by a factor of 200. Each sample was assayed in triplicates.
DPPH radical scavenging activity The DPPH radical scavenging activity was performed as described by Ganesan et al. (2008) . Curd sample (1 ml) was taken in micro centrifuge tube, centrifuged at 8000 rpm for 10 min; supernatant (whey) was collected and filtered using Whatman No: 1 filter paper. The samples were added (100 μl) and the volume was made up to 2 ml using distilled water. Then, 2 ml of 0.16 mM DPPH solution (in methanol) was added to the above sample. Blank was prepared using 2 ml of methanol and 2 ml of distilled water. The mixture was vortexed and kept in dark at room temperature for 30 min. Absorbance of all the samples at 517 nm was measured in the UV-visible spectrophotometer. The scavenging effect (%) was calculated by using the formula,
Measurement of titrable acidity The titrable acidity of the curd samples was measured as per a modified method, Yoon Curd formulation under optimized conditions Pasteurized milk (1000 ml) was inoculated with optimized levels of inoculum and incubated at 37°C for the optimized period of time. Bacteriocin production, pH, cell growth, DPPH free radical scavenging activity and titrable acidity were checked. The sensory and microbiological analysis of the formulated curd was carried out.
Co cultivation studies and viable count against food borne pathogens Co cultivation studies were carried out as per the method described by Somkuti and Steinberg (2010) . Curds were formed by using E. faecium MTCC 5695 as starter culture. Into the formulated curd 3 h grown Listeria monocytogenes Scott A (10 8 cfu/ml) was inoculated. The curd samples containing the pathogen as well as the starter culture were collected at regular intervals (2 h) from 0th to 8th h. The samples were then serially diluted, pour plated using the selective medium (Listeria Oxford medium agar) and incubated at 37°C for 24 h and the viable count of L. monocytogenes Scott A was determined. Similarly, co cultivation experiments were also performed with Staphylococcus aureus FB271 and Escherichia coli MTCC 118. Baird Parker agar base and Violet Red Bile agar were used as selective media for estimating viable counts of respective cultures.
Sensory analysis Sensory analysis was carried out for curd prepared using E. faecium MTCC 5695 and control curd obtained from Nandini as starter culture. Evaluations were conducted under white fluorescent light, with the booth area maintained at temperature 22±2°C and RH 50±5 %. A suitable score card was developed using "Free-Choice Profiling" method selecting suitable terminology. Samples were presented in beakers (25 ml) coded with 3-digit random numbers, to the panelists. A glass of water was also presented to cleanse the palate in between the samples. Quantitative Descriptive Analysis (QDA) Allgeyer et al. (2010) was used to assess the quality of samples. Panelists were asked to mark on a scale of 0-15 cm to indicate the intensity of each attribute listed on the score card. The scale was anchored at 1.25 cm on either end, representing 'Recognition Threshold' and 'Saturation Threshold', respectively. The scores given for all the attributes for each sample were tabulated. Next, the mean value was calculated for each attribute of a sample, representing the panel's judgement about the sensory quality of the product.
Results and discussion
In the present study, the potent culture E. faecium MTCC 5695 was characterized for its probiotic properties as well as bioactive and bioprotective (antibacterial and antioxidant) properties. Furthermore, it was used as a starter culture for probiotic curd formulation. The strain used showed α-hemolysis on blood agar plates implying its non pathogenicity (data not shown). The strain showed lack of amplification for cyl gene specific PCR indicating that it is devoid of cytolysin biosynthesis genes (data not shown) and can be used as a safe starter culture for curd formulation. The test strain E. faecium MTCC 5695 was selected for this study due to its high proteolytic and enterocin producing ability. The parameters for efficient curdling and formation of well set consistent curds were fixed and the experiments were designed and optimized by CCD using STATISTICA software.
Probiotic properties of E. faecium MTCC 5695 One of the important properties of probiotic cultures is the ability to survive in the gastrointestinal tract, where the pH is 2-2.5 before it reaches the colon, Badarinath and Halami (2009) . E. faecium MTCC 5695 was found to show a survival index of 78 % after 1 h and 42 % after 2 h of incubation. The survival rate was more than that of the standard E. faecium MTCC 5153, which showed a survival index of 72 % and 38 % after 1 and 2 h of incubation, respectively ( Table 1) . The test strain showed tolerance in presence of 0.3 % bile and the delay in growth was 30 min which was more than that of the standard E. faecium MTCC 5153 (Table 1) . Since the physiological concentration of bile acids existing in the intestine ranges from 5000 to 20000 μmoles, Badarinath and Halami (2009), these conditions have been used for the assay and concentrations of 0.15-0.3 % bile salts are generally used, Fernandez et al. (2003) . Time delay to reach log phase under bile conditions is a measure of tolerance or sensitivity of the strain to bile acids.
Adhesion of cultures to intestinal mucosa is one of the probiotic properties. Xylene was the hydrocarbon used for the assay. BATH test has been extensively used for measuring cell surface hydrophobicity in Lactobacillus Vinderola et al. (2004) . The adherence property of MTCC 5695 was found to be 23 %, which was mor than twice the value in comparison to the standard strain used for the study E. faecium MTCC 5153 (Table 1) .
BSH is one of the prerequisite for selection of a probiotic organism, Pereira and Gibson (2002) , since consumption of probiotic LAB with BSH property helps in reduction in serum cholesterol by deconjugation of bile salts, Pereira and Gibson (2002) . Plate assay supplemented with TDCA showed appearance of white precipitate surrounding the colonies indicating positive reaction for BSH activity (data not shown). The white precipitate formation was due to the conversion of taurocholic acid to taurine and deoxy cholic acid (an insoluble compound which precipitates out) by BSH.
Optimization of conditions for curd formulation by CCD The effect of two parameters viz. inoculum level and incubation time on the formation of curd obtained by fermentation of milk with E. faecium MTCC 5695 was examined by CCD in levels as shown in (Tables 4 and 5 ). Factors presenting p-values less than 0.05 were viewed to have significant effects on curd formation. The graphical representation of the significance of the responses is presented by Pareto charts (Fig. 1) . Pareto chart is the representation of the size effect of each of the variables investigated upon the resolution of the main peaks of the main responses.
Here, a variable is found to be significant, if the size of effect is greater than p00.05. It was observed that both inoculum level and incubation time had significant effect on all the responses except for bacteriocin production, where incubation time had no effect. Incubation time was more significant than inoculum level on all 5 responses i.e. (p<0.0005). Also, the interactive effect between the two independent variables had no effect on any of the responses. The response surface graphs (RSG) for cell growth, pH, bacteriocin production, DPPH free radical scavenging activity and total titrable acidity, as a function of incubation time and inoculum level are shown in Fig. 2 . Bacterial growth showed a continuous increase with increase in time, whereas in the case of inoculum level there was a gradual decrease up to 5.5%v/v followed by an increase (Fig. 2) . This may probably be due to the initial lag in doubling time of cells which was later found to enter an exponential phase of cell growth with increase in time. A decrease in pH was observed with increase in time which indicates the accumulation of lactic acid in the medium. However, it was seen that at high percentage of inoculum (above 6%v/v) there was no significant decrease in pH (Fig. 2) . This may be probably due to the fact that higher inoculum favored lower cell growth at constant volume of medium. Inoculum level did not have any effect on bacteriocin production, whereas there was a continuous increase with increased incubation time (Fig. 2) . RSG for antioxidant property showed a similar pattern to bacterial growth (Fig. 2) . This was suggestive of a positive correlation between growth and antioxidant property. RSG for total titrable acidity revealed that there was an increase with time and decrease with increase in inoculum level (Fig. 2) .
The optimized levels of variables (A and B) were determined using desirability profiles (Fig. 3) for Y 1 , Y 2 and Y 3 by assigning 0 to least observed value of response and 1 to highest observed value of response. The optimized factors for curd obtained on fermentation with E. faecium MTCC 5695 having highest cell growth and bacteriocin production were 26.48 h at 2.17 % (v/v) inoculum level. The regression analysis obtained after ANOVA resulted in the following second order equations for all the responses, as a function of independent variables (A and B) and their linear and quadratic interactions:
The fit of the model was estimated by the coefficient of determination (R 2 ). The closer the R 2 value is to 1.00, the stronger the model is and the better it predicts the response. An R 2 value >0.75 indicates the good fitness of the model, Mandenius and Brundin (2008) . The R 2 values for the models predicting the main responses i.e., cell growth, pH and bacteriocin production were 0.9272, 0.98 and 0.9727, respectively, indicating the model as significant. The model was validated by conducting random experiments within the experimental area. The predictability of the model for all the responses was determined by comparing the observed values and values predicted by the model (Table 6 ). The validation experiments showed that RSM was reliable with a variation of 3.47 % for cell growth, 2.93 % for pH, 2.31 % for bacteriocin production, 4.97 % for DPPH radical scavenging activity and 5.28 % for total titrable acidity, from the experimental data. RSM has been applied for the optimization of tofu (soymilk curd) using solids content of soy milk, concentration of coagulant, mixing temperature and stirring time as the independent variables, (Shih et al. 1997) . Also the conditions for optimization of yoghurt using combination cultures of Lactobacillus and Streptococcus species was reported, Kristo et al. (2003) . 
(ii) (i) (iv) (iii) Fig. 2 Response surface graphs showing the effect of incubation time (a) and inoculum level (b) on cell growth (i), pH (ii), bacteriocin production (iii), DPPH free radical scavenging activity (iv) and total titrable acidity (v) Curd formulation under optimized conditions Pasteurized milk (1000 ml) was inoculated with 2.17 %v/v of E. faecium MTCC 5695 and incubated for 26.48 h (optimized conditions) at 37°C. Cell growth, pH and bacteriocin activity in the curd produced at optimized conditions was estimated. The experimental values of cell growth (4.29), pH (5.52), and bacteriocin production (102400 AU/ml) were found to be close to the values as predicted by the models (4.4, 5.512 and 184180 AU/ml, respectively).
Co cultivation studies and viable count against food borne pathogens Co cultivation studies performed in curds fermented under optimized conditions using the starter culture E. faecium MTCC 5695 was found to be effective in reducing the viable counts of pathogens (L. monocytogenes Scott A, S. aureus FB271 and E. coli MTCC 118) tested, beyond a detectable level. A complete reduction in the viable counts of Listeria and Staphylococcus were observed by the 6th h ( Fig. 4i and ii) . Plating results showed growth on selective (Fig. 4iii) . L. monocytogenes and E. coli are capable of surviving at acidic conditions and hence may withstand the acidified conditions in fermented dairy products thereby resulting in food spoilage, Somkuti and Steinberg (2010) . The outcome of this study revealed that enterocin produced by E. faecium MTCC 5695 played a crucial role in inhibiting the colonization of these pathogens in the optimized formulated curd. S. aureus is effectively controlled in an environment of pH 5.3 or less. Therefore, LAB are preferred as starter culture since upon growth, they reduce the pH of the medium by producing metabolites like lactic acid, acetic acid and diacetyl, resulting in the suppression of growth of S. aureus Ananou et al. (2005) .
Food borne pathogens pose a serious threat to the food industry by causing diseases ranging from mild gastroenteritis to chronic disability and sequelae Vrinda et al. (2012) . Fermented foods are generally prone to attack by food borne pathogens since they provide an efficient substratum for their growth and multiplication. These foods act as vehicles for transmission of food associated illness. Over 20 % of outbreaks of food-borne illnesses are caused by L. monocytogenes in developed countries where consumption of fermented dairy products are on the high De Buyser et al. (2001) . E. coli cause wide range of gastrointestinal diseases like bloody diarrhoea in humans to calamitous maladies like hemorrhagic colitis and haemolytic uremic syndrome, Griffin and Tauxe (1991) . S. aureus is a major pathogen that has the potential to cause a variety of toxin related diseases in humans and animals. It is considered to be one of the most common food borne pathogens responsible for large mortality rates in many countries Bean et al. (1996) . The control of food borne pathogens in food has been carried out by various approaches that include the usage of antibiotics and chemical additives. This results in development of antibiotic resistance in these pathogens and also affects the food quality. A redressal to this problem would be incorporation of bacteriocin producing cultures like E. faecium MTCC 5695 as starter culture for fermented foods.
Sensory analysis
The results of sensory analysis showed that control curd had typical white color and curd like aroma. The optimized curd produced using E. faecium MTCC 5695 as starter was buff colored, lacked typical curd like flavor and had a fatty mouth feel. The overall quality scores for control curd and curd prepared using E. faecium MTCC 5695 were 9 and 8, respectively. It can be concluded from the study that the optimized formulated curd is acceptable.
Conclusions
Enterococci are widespread in nature and their capacity to produce enterocins active against a variety of food borne pathogens makes it of prime importance for use as starter culture in fermented foods. Optimization studies on growth and enterocin production by enterococci in fermented foods are scarce. In the present study, attempts were made for the utilization of enterocin producing culture E. faecium MTCC 5695 for the formulation of probiotic curd under optimized conditions. RSM was found to be an effective technique for the rapid screening of the significant influencing parameters and development of a polynomial model to optimize fermentation condition for the production of curd enriched with probiotic properties. The significance of this work is that, this curd can be used as an effective therapeutic as prophylactic agents for diseases like Traveler's diarrhea and other gastroenteric disorders.
